M axillary hypoplasia is a frequent finding in patients with cleft lip and palate. 1, 2 Orthodontic and functional orthopedic therapy are often insufficient or ineffective, and a combined surgical and orthodontic approach is required to treat such deformities. 3, 4 Treatment of cleft patients with severe maxillary deficiency presents a challenge to the maxillofacial surgeon and the orthodontist.
Distraction osteogenesis (DO) is an alternative treatment for correcting severe facial deformities. In cleft patients with severe maxillary hypoplasia, DO of the maxilla appears to be superior to conventional orthognathic surgery. 5Y7 However, controversy exists about relapse after distraction, duration of the consolidation period, method of distraction (internal or external devices), and effects on velopharyngeal incompetence. 8, 9 Initially, maxillary DO was performed solely via the extraoral approach; 10 however, DO with intraoral devices is currently in widespread use, reducing the amount of physical and psychological stress, and has proven to be better tolerated by patients and families. Alignment of the distraction vector is also an important factor affecting the outcomes of the intraoral DO procedure. The actual vector and planned vector should be in the same direction to obtain the desired treatment results.
The aim of this paper is to present the combined surgical/orthodontic treatment of a cleft lip and palate patient and to evaluate the maxillary distraction procedure and the distraction vector in high Le Fort I osteotomy.
Clinical Report
A 21-year-old woman with a cleft lip and palate presented with a concave facial profile due to maxillary hypoplasia. Radiographs, photographs, and cast models were obtained at the first appointment for diagnostic purposes. Her health status was ASA PS-1 (American Society of Anesthesiologists, Classification of Physical Status) and clinical examination revealed normal jaw function with no signs of temporomandibular dysfunction. The patient exhibited an Angle Class-III malocclusion with circular crossbite due to a sagittal and transverse maxillary deficiency. The maxillary arch form was atypical; the molars and premolars had migrated to the cleft area, and the mandibular arch demonstrated rotated premolars and anterior crowding. She had no missing teeth congenitally; however, two malformed lateral incisors were present in the cleft area. Cephalometric analysis revealed that she had skeletal Class-III relationship, maxillary retrusion, and retrusive upper incisors (Figs 1Y3, Table 1 ). Consequently, a combined orthodontic surgical treatment was planned with maxillary advancement by distraction osteogenesis.
At the first stage of the orthodontic treatment, a mini-expander containing an NiTi spring was applied, as the upper arch was not appropriate for application of a conventional expansion appliance. Rapid palatal expansion was accomplished by a hyrax expander. The hyrax screw was activated once daily (0.25 mm/day) for 30 days. After a four-month expansion period, overcorrection was achieved, and a transpalatal arch was inserted. Both arches were bonded, and 0.018 inch slot pre-adjusted edgewise appliances were used for alignment of the teeth. Leveling and proper torquing of the teeth were achieved and finally, stainless steel arches (0.017 inch Â 0.025 inch) were placed prior to the distraction phase.
A high Le Fort I osteotomy was planned to obtain a prominent zygomatic appearance. The patient underwent general nasotracheal anesthesia. The surgical approach was identical to that of conventional orthognathic surgery. Following high Le Fort I osteotomy, the maxilla was downfractured and fully mobilized. The maxilla was repositioned, and the distractors were fixed with 2.0-mm bone screws. Following 5 days of latency, the device was activated 0.5 mm twice a day. Postoperatively, a 5-day course of antibiotics (amoxicillin, 1 g b.i.d.) was prescribed. Oral hygiene was stressed, and the mouth was rinsed with chlorhexidine gluconate 0.2% two times daily. The distraction period lasted 14 days, and the maxilla was advanced. The distractors were removed at the 30th day post-distraction, and maxilla was fixed with mini-plates and screws during the consolidation period. Vertical elastics were used both in the postoperative phase and during the distraction period to settle the posterior occlusion and control the overbite. After a four-month healing period, nasoplasty and scar revision on the upper lip were performed by an ear, nose, and throat specialist. The patient was refered to a speech therapist.
During the six-month post-surgical orthodontic phase, class III elastics were used to prevent relapse of the sagittal relationship. At the end of treatment, a favorable occlusion with acceptable interdigitation and incisor relationship was accomplished (Fig 1) . The patient's soft tissue profile became more balanced, and significant advancement of the maxilla and correction of the sagittal skeletal relationship was achieved (Table 1, Figs 2, 3 ). Immediately after debonding the attachments, Hawley retainers were placed prior to prosthetic rehabilitation. Total treatment time in this case was 22 months.
DISCUSSION
C ombined surgical and functional orthodontic therapy is necessary for management of cleft lip and palate with severe maxillary hypoplasia. 2, 4, 11 In the past, Le Fort I osteotomy was the only surgical treatment to correct maxillary hypoplasia; however, the amount of intraoperative advancement in these patients is limited because of maxillary scarring. In addition, simultaneous mandibular setback surgery 
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was required to correct the sagittal relation. These patients are also difficult candidates for this standard orthognathic treatment. 12 Maxillary distraction presents a promising tool to treat these severe cases successfully. Two types of distraction devices have been used for maxillary advancement: external and internal distraction devices. Besides being more tolerable, 13 intraoral devices are also advantageous as they are placed over the bone and do not require additional anchorage from the teeth.
14 The external systems require anchoring teeth in the maxillary arch and a retention period of 4Y6 months with a facemask after removal of the devices, undesirable mesial movement of the anchoring teeth cannot be prevented as an adverse effect. 15Y17 This disadvantage is important, especially in cleft patients with unstable teeth with insufficient periodontal bone support as in the current case. To obtain absolute anchorage, dental implants, titanium screws, or mini-plates should be used as orthodontic anchorage if external devices are preferred. Distraction with intraoral devices (as compared with the external system) reduces the length of the hospital stay, does not depend on patient cooperation during the retention period, and does not leave scars caused by fixation screws. However, intraoral systems are relatively new and have not been used extensively.
On the other hand, the need for a second operation to remove the distractors is a disadvantage of DO with internal devices. To avoid the second operation, several resorbable distraction devices have been designed. 18 Planning the direction of distraction vector is an important factor in distraction osteogenesis. The external systems allow for adjustments to the distraction vector during the distraction period. However, adjusting the direction during distraction is impossible with rigid devices. The floating bone concept may help to solve the vector problem 19 but may result in a lack of stability, resulting in a risk of pseudoarthrotic healing. 20 Another problem in maxillary distraction osteogenesis is failure of distraction or less than desired amount of DO because of incomplete osteotomy. As the bone thickness at the fixation level is limited, the maxilla is downfractured and repositioned then the distractors are inserted to diminish the force generated at the beginning of distraction.
Although intraoral distraction devices are small in size they are sometimes not very well tolerated by the patient and hygiene maintenance is difficult. Patients appreciate early removal of the devices. In the presented case distractors were removed 30 days after the last day of distraction. Immediate IMF for an hour was performed at the final occlusion and maxilla was fixed by mini-plates to maintain stability. Other than patient comfort early removal of the distractor enabled us to achieve an ideal occlusion by using the floating bone concept.
The patient required a high-level Le Fort I osteotomy to obtain a prominent appearance of the zygomatic structure. In the case of high Le Fort I osteotomy, parallel placement of the distractor device is difficult when compared with conventional Le Fort I osteotomy. The distraction device was placed approximately 30-to the occlusal plane to attain a positive overbite and an esthetically pleasing incisor appearance (Figs 4, 5) . Therefore, when the distractors were activated, the body of the maxilla moved in a forward and downward direction. Angular placement of the distractor together with a high Le Fort I osteotomy may be useful for correcting an anterior open bite; however, it should be avoided in patients with a ''gummy'' smile.
Gateno et al 12 have reported that if the distraction force is applied below the center of resistance of the maxilla, a counter-clockwise rotation will be introduced with a tendency toward an anterior openbite. The opposite is true for forces applied above the center of resistance, which introduce a tendency toward a posterior open-bite. In the present case, a high Le Fort I osteotomy was performed, and the distraction force was applied above the center of resistance of the maxilla. Still, we believe that the main reason for the clockwise rotation of the maxilla is the level of the osteotomy line. A true anterior distraction is theoretically possible in Le Fort I osteotomy, as the osteotomy line is inclined toward the lateral side of the apertura piriformis to the pterygoid plate, and the distractor may be placed parallel to the occlusal plane. However, as in the case of a high Le Fort I, as the level of bone cut is high, the distractor is inserted at an angle of approximately 30-to the occlusal plane, which means an anterior movement of 10 mm lengthens the maxilla by 5 mm (Figs 4, 5) . Although we managed the problem by using a floating bone concept, one must consider this when placing an intraoral maxillary distractor and performing high Le Fort I osteotomy.
Velopharyngeal incompetence may occur in patients with cleft palate after maxillary advancement. 21, 22 The patient's speech was not articulate before the treatment due to the cleft palate and demonstrated no further deterioration after maxillary distraction. This may be related to the soft-tissue and muscle expansion during the distraction procedure. The patient was sent to a speech therapist for further treatment.
The condition of the soft tissues, occlusal disturbances, equipment rigidity and osteotomy line may change the direction of the planned distraction vector. 23, 24 It is difficult to foresee the actual direction of the vector. The direction of the actual vector is crucial to the success of intraoral distraction osteogenesis.
